DEPARTMENT OF THE INTERIOR
US. GEOLOGICAL SURVEY

LIMA PEAKS SECTION
Secs. 13, 14, 18, T. 15 S., R. 8 W., Lima Peaks 7 1/2-minute
quadrangle, Beaverhead County, Montana (Dyman and others, 1984)

ANTONE PEAK SECTION

NW1l/4 sec. 22, SW1/4 sec. 11, T. 12 S., R. 5 W., Antone Peak 7 1/2-

minute quadrangle, Beaverhead County, Montana (Dyman, 1985b).
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168 (108) Mudstone and siltstone, brownish-gray (5YR4/1); vt 100— JRU
10?7 weathers to light-olive-gray (5Y6/1); carbonaceous-
rich mudstone with subordinate siltstone; very
fissile with leaf and wood impressions along bedding
108 L planes.
162
103 150 —
102 (102) Shale, olive-black (5Y2/1); weathers to olive-gray
(5Y4/1) ; moderately calcareous; well-preserved leaf L 5o
and wood impressions; very fissile.
100
1 (100) Sandstone and conglomerate, medium-light-gray (N6) to
88 grayish-green (5GY6/1); weathers from light-olive-
= gray (5Y6/1) to light-brownish-gray (5Y6/1); fine- to
coarse-grained; subrounded to subangular grains; 111 1 200 — V0
@ weakly to moderately calcareous; disseminated
carbonaceous matter and coal; conglomerate in
discontinuous lenses at base; rich in green to black
85 mudstone and siltstone clasts with clay matrix; beds
11 are massive and form laterally discontinuous
sandstone channels with erosive bases; sandstone
fines upward within unit. 250 —
e (94) Mudstone, gray-green (10GY5/2); weathers to greenish-
gray (5GY6/1); hard, slightly fissile; weakly
1 250 —. — calcareous; bentonitic with well-developed popcorn
@ —<—_ texture.
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87 D65860 ; (87) Shale, dark-gray (N3) to black (Nl1); weathers to
medium-dark-gray (N4); rich in carbonaceous matter; — 100
88 111 300— L Ny | wood fragments; weakly calcareous; rare hematite
85 -0 stain.
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o — 100 -.EEL1;;5 (79) Sandstone and mudstone, moderate-gray (N5) to dark-
rooon | greenish-gray (5GY4/1); weathers to greenish-gray
81 . (5GY6/1); fine- to very fine grained; subangular to
n ! 350 — subrounded grains; micaceous; weakly calcareous; rare
78 finely disseminated heulandite(?); nodular, with hard
” siliceous nodules as much as 20 cm in diameter; 66
sandstone massive at base, grading upward to mudstone [ I = (N
;: at top of unit; unit continuous for at least 50 m
along strike; small faults with less than 1 m
L displacement and well-developed slickensides. m
e 11 1 400 — (76) Mudstone and sandstone, light-bluish-gray (5B7/1) to
medium-bluish-gray (5B5/1); weathers to greenish-gray
70 (5G6/1); predominantly mudstone with several very
thin (less than 5 cm thick) discontinuous sandstone US0 —
beds; sandstone, fine-grained, subangular to angular
= grains; mudstone, nodular, with hard, rounded
85 hematite-rich nodules as much as 3 cm in diameter;
63 1 450 finely disseminated carbonaceous matter throughout;
82 ] entire unit weakly calcareous; unit cut by numerous
&1 small faults and calcite-filled fractures; continuous — 150
- for at least 60 m along strike. {11 1 500—] 0 «—d
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(53) Shale, dark-gray (N3) to medium-gray (N5); calcareous,
carbonaceous.
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52 (52) Mudstone, grayish-green (10GY5/2); weathers to pale- = |
S1 green (10G6/2); weakly to moderately calcireous; Vi e o s
il finely disseminated micaceous matter and :o0al; in
part very nodular, with interbedded green shale or
mudstone partings that lack nodular appeatance; very |
s0 = calcareous, with well-developed calcite msettes in
{11 600— Tk ggsal 5 cm; grades upward into overlying shale unit
650 —
Y N —
g _,:“&'vm‘ —— 200
us sl e
. 650 —
— 200
111 700 — (I
u? -9
111 700 — T
| 750 —
ue —.-——mm E
seaaliivrri (45) Sandstone, light-olive-brown (5Y5/6) to yellbwish-gray
[ i = (5Y7/2); weathers from yellowish-gray (5Y{/1) to
us o " e light-olive-gray (5Y6/1); medium-grained; rounded to
i ' angular grains; as much as 5 percent disseninated
750 — 3 :
42 NN carbonaceous matter and coal; very calcareus;
41 cherty; one massive discontinuous channel-like bed;
uo poorly exposed outcrop; unit grades upwarc into y 1 1 1 800— o
overlying mudstone.
(42) Mudstone, dark-greenish-gray (5GY4/1); weatlers to — 250
greenish-gray (5GY6/1); red carbonaceous (?) matter;
1 11 800— Lo moderately fissile.
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” - (37) Shale, dark-gray; poorly exposed. “
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- (35) Sandstone, greenish-gray (5GY/1) to light-bluish-gray ’ TR
= (5B7/1); weathers from yellowish-gray (5Y8/1) to ‘
moderate-reddish-brown (10R4/6); fine- to very fine ‘
grained; rounded to subangular grains; cherty;
= ! 1250 — strongly to moderately calcareous; abundant limonite ’
as detrital grains and grain coatings (orange speck); ’
abundant wood impressions and carbonaceous debris, ‘
93 especially along bedding planes, largest wood ‘ 1 11 1 1300 — Vot
impression 4 cm in length; broken shell fragments of ‘
unidentified bivalves and low-spired gastropods /' — L0O0
disseminated throughout unit but abundant along W WA WA WA W U WA WA WA WA WA YA W W WA W WAL WA WA WA WA WA WA
Py discrete horizons; bivalves possibly marine (W.A.
1111300 — U Cobban, oral commun., 1984); well-developed current-
— LO0 ripple lamination (wavelength averages 5 cm, wave o -
:g height averages 2 cm); mudcracks(?), groove casts, 1350 —
and load casts on lower bedding surfaces; several
= small-scale (5-10 cm thick) fining-upward sequences.
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(11) Mudstone, dark-yellow-brown (10YR4/2) to medium-dark- AT
o 1 1 1 1500 — (' gray (N4); weathers to pale-yellow-brown (19YR6/2); I I E;pxazﬁuMA
very calcareous; nodular, with calcareous nodules as Eg:»x&"aw“
much as 4.0 cm in diameter; very thin bedded, may be 1550 — Egp“xaﬁmﬂ“
continuous, but grades downward into covered o2 TR T
10 — . s
interval; poorly exposed. pravn pnion
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o - T 1 (09) Limestone, pale-yellow-brown (10YR6/2) to medium-light-
1550 — il gray (N6); weathers to yellowish-gray (5Y8/1); very )] ~o
08 —» fossiliferous with abundant high-spired gastropods; (I I [ I
disseminated carbonaceous matter; limestone coarsely
07 - crystalline.
08
0 D6586A> (06) Siltstone and mudstone, olive-gray (5Y4/1) to medium-
dark-gray (N4); weathers from light-olive-gray
{1 1 1600 — L i (5Y6/1) to yellowish-gray (5Y8/1); moderately
calcareous; limonite stain; strongly fissile; calcite
o —» fracture fillings. Ko OT E N |
o3 — 500 ;1;1'1;1 ‘ \
! 1650 — L T L T i T 1 T (02) Limestone, medium-gray (N5) to medium-olive-gray
: Il T [J T (5Y4/1); weathers from light-gray (N7) to medium-
| I [ O | light-gray (N6); coarsely crystalline gastropod-rich
) (0 (O limestone; gastropods, high-spired, as much as 3 cm
ll ll ll ll in length; medium- to thick-bedded; weathered
I [ [ surfaces mottled and solution pitted; highly
o1 L 1T 1 1 fractured.
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(13) Sandstone and limestone, medium-light-gray (N6);

weathers to light-olive-gray (5Y6/1); medium- to
coarse-grained sandstone predominant; rounded to
angular grains; sandstone cherty and lithic-rich;
bioturbated in part; sandstone in part conglomeratic;
conglomerate clasts predominantly dark-gray mudstone
as much as 0.5 cm in diameter; conglomerate confined
to base of unit; interbedded subordinate limestone
beds; limestone micritic and in part concretionary;
sandstone rippled near top of unit; unit composed of
at least two sandstone beds separated by erosive(?)
contacts; unit fines upward.

(12) Mudstone and shale, medium-dark-gray (N4); weathers to

medium-gray (N5); weakly to moderately calcareous;
weakly to moderately fissile; carbonaceous matter and
coal(?).

(10) Sandstone, medium-light-gray (N6); weathers to light-

olive-gray (5Y6/1); medium-grained; rounded to
angular grains; quartzose; cherty; lithic-rich; very
calcareous; wood and carbonaceous matter; other
unidentified dicot leaf prints; thin- to medium-
bedded; moderately dipping trough cross-
stratification in lower part; grains fine upward
within unit; sharp lower contact and laterally
continuous unit.

(07) Predominantly covered.

(01) Limestone, moderate-yellow-brown (10YR5/4) to light-

(08) Mudstone and porcelanite; red to gray; poorly exposed.

FORMATION

In part porcellanitic
mudstone; red to gray; very poorly exposed.
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g (06) Sandstone, medium-gray (N5) to light-olive-gray

(5Y6/1); weathers to brownish-gray (5YR4/1); medium-
grained; rounded to subangular grains; cherty;
quartzose; weakly calcareous; limonite stain; coal
and carbonaceous matter abundant, parallel to bedding
planes; flat, clay-chip conglomerate near base of
unit; very poorly exposed in upper part; laterally
persistent ridge former; several distinct sandstone
beds within unit.

(05) Sandstone, light-olive-gray (5Y6/1); weathers to light-

brownish-gray (5Y6/1); fine- to medium-grained;
rounded to subangular grains; cherty; very
calcareous; limonite stain; thick-bedded; trough
cross-stratified near base; structureless and
strongly bioturbated near top of unit; unidentified
brackish-water bivalve fragments near base (W.A.
Cobban, written commun., 1984); laterally continuous
ridge-forming unit.

(03) Sandstone, light-olive-gray (5Y6/10 to medium-gray

(N5); weathers from brownish-gray (5YR4/1) to light-
brownish-gray (5YR6/1); fine- to medium-grained;
rounded to subrounded grains; limonite stain;
bioturbated; weakly calcareous; finely disseminated
carbonaceous matter and coal; unidentified bivalve
and gastropod fragments; massive- to thick-bedded;
resistant ridge former; laterally continuous unit.

(02) Mudstone and siltstone, pale-red (10R6/2) to medium-

gray (N5); poorly fissile; weakly to strongly
calcareous; limestone concretions in part abundant;
very poorly exposed.

gray (N7); weathers to medium-gray (N5); coarsely
crystalline bioclastic limestone; abundant gastropod
fragments; medium-bedded.
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GREENHORN COMPOSITE SECTION

COW CAMP SECTDN

NW1/4NEl/4 sec. 15, NE1/8NW1/4 sec. 15, T.9 S., R. 3 W., Varney
15-minute quadrangle, Madison County, Montana (Tysdal, this report).
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GREENHORN COMPOSITE SECTION
WARM SPRINGS CREEK SECTION

quadrangle, Madison County, Montana (Dyman, 1985b).
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FORMATION

Sandstone, medium-dark-gray, chert- and feldspar-rich,
medium-bedded, medium- to coarse-grained,
“ noncalcareous.
‘ Sandstone, dark-brown to dark-gray, medium- to coarse-
grained, thin-bedded; locally crossbedded;
‘ ferruginous, calcareous, arkosic; chert pebbles in
‘ lower part.

‘ Mudstone and siltstone, dark-gray, thin-bedded, with
minor interbedded sandstone; abundant coaly plant
' fragments; hackly fracture.

Porcellanite, tuff, and mudstone, interbedded.
Porcellanite, light-gray to pinkish-orange, glassy,
thin-bedded, finely laminated, resistant, choncoidal
fracture. Tuff, gray, biotitic, finely laminated,
thin-bedded, resistant. Mudstone, light- to dark-
gray, thin-bedded, siliceous, bentonitic; contains
carbonaceous plant debris and, in lower part of
unit, lithophysae.

'
L

Mudstone, pastel colors of red, green, and gray,
bentonitic, thin-bedded; and mudstone, silty, red
and dark-gray, thin-bedded; nonresistant unit,
poorly exposed.

Siltstone, dark-gray to olive-drab, volcaniclastic,
thin-bedded; contains abundant coalified plant
fragments, and interbedded mudstone, red,
bentonitic, soft, popcorn texture.

Sandstone, dark-olive-green, volcaniclastic, quartz-

poor, minor biotite, very fine to fine-grained,
thin-bedded; no sedimentary structures evident.
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Conglomerate, clast supported.
May be imbricated and
crossbedded

Sandstone, massive

Sandstone with moderately or
steeply dipping trough sets
(greater than 10° dip)

Sandstone with ripple marks

Sandstone with horizontal
lamination

Limestone, crystalline

Limestone, micritic

Siltstone, may include ripples,
horizontal lamination, or may
be structureless with

bioturbation
Mudstone or claystone,
nonvolcanic or volcanic
——]
- u: Mudstone, commonly porcellanitic
——
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_,'—_—': Sha%e, weakly to strongly
b —— fissile
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1The numbers shown in this column of the sections at Lima Peaks, Antone
Peak, and Warm Springs Creek correspond to the lithologic unit numbers in Dyman
(1985a, b) and Dyman and others (1984).

the largest number representing the youngest or uppermost unit.

The unit numbers are in sequence, with
Not all unit

members recorded by Dyman are shown because some units are too thin to be shown
at the scale of these sections and because some sections were partially
remeasured (and new data obtained) after publication of the above reports of

Dyman.

Some unit numbers are repeated, reflecting subdivison of the unit

subseguent to publication of the above reports of Dyman.
Each section is displayed as a borehole with increasing depth down

section, in feet and meters.

Data are

presented at a scale of 1 in.=50 ft.

Graphic resolution for individual beds at this scale is 2.5 ft (beds less than
2.5 ft thick are not displayed).

Arrows at left margin of each graphic section represent center of rock

unit and correspond to unit number in "sample identification" column.

Arrows

accompanied by a number with a prefix of "D" (for example, D6776) denote a U.S.
Geological Survey paleobotany locality, which corresponds to number in species

list shown in table 1.

Correlation lines for formations are solid; correlation lines for members
are dashed.
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(31) Mudstone and siltstone, medium-gray (N6); weathers from
medium-light-gray (N7) to pale-red (10R6/2);
porcellanitic in part; finely disseminated coal and
carbonaceous matter; heulandite(?); hard and dense.

(29) Mudstone, medium-dark-gray (N4); in part porcellanitic;
massive.

(26) Porcellanitic mudstone and siltstone, medium-gray (N5)
to greenish-gray (5GY6/1); weathers to grayish-
yellow-green (5GY7/2); thin subordinate siltstone
beds form resistant ledges; in part hard and dense;
rootlets; in part finely laminated; burrows(?);
poorly exposed.

(24) Sandstone, light-olive-gray (5Y6/1); weathers to olive-
gray (5Y4/1); thin, discontinuous sandstone bed; very
fine grained; finely laminated; strongly fractured.
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(18) Sandstone, medium-gray (N5); weathers from medium-
light-gray (N6) to light-olive-gray (5Y6/1); fine- to
medium-grained; rounded to subangular grains; cherty;
quartzose; weakly to moderately calcareous; limonite
stain; very finely laminated with grain orientation
and mineral zonation near top; moderately dipping
trough cross-stratification near base; very thin
shale interbeds; sharp lower contact; unit continuous

44,0

)

N1/2 sec. 7, T. 9 S., R. 4 E., Sphinx Mountain 15-minute quadrangle,
Gallatin County, Montana (Tysdal, this report).

Lingula; locally bioturbated and contains fossil
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XXM e Tuff, pale-green, porcellanitic, hackly fractures,
:x:x:u: medium-bedded to massive, resistant ridge former.
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F,:“ :ﬁ > — Tuff, light-gray, porcellanitic, aphanitic; and
AR mudstone, dark-gray to brown, silty, thin-bedded.
11 100— I
Sandstone and mudstone, interbedded. Sandstone,
light-gray to greenish-gray, very fine grained to
oo, K fine-grained, thin- to medium-bedded; quartz- and
::14394 feldspar-rich, minor biotite, muscovite, and
I SR TR glauconite; calcareous; plane bedded and locally
150 E%i;:;ﬁ low-angle trough crossbedded; abundant specimens of
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hash. Mudstone, silty, dark-gray to gray-brown,
thin-bedded, carbonaceous, bioturbated,
nonresistant; locally becomes muddy siltstone that
is finely laminated to ripple crossbedded,
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calcareous.

Mudstone, silty, lower part siliceous, dark-brown and
gray, thin-bedded.

Sandstone, dark-gray, tuffaceous, fine- to medium-
grained, medium-bedded, bioturbated, ledge former.

Mudstone and silty mudstone, dark-gray to gray-brown,
thin-bedded; locally carbonaceous; local
discohtinuous lignitic coal layers; lower part is
siliceous; bentonite, light-gray to pale-yellow-
gray, popcorn texture, as much as 1 m thick present
locally.

Sandstone, light-gray, weathers light-brown,
glauconitic, quartz- and chert-rich, fine-grained;
bioturbated; contains discontinuous coaly layers.

Mudstone, dark-brown, silty, thin-bedded; carbonaceous
debris; thin beds of coal present locally; partially
covered.

Mudstone, bentonitic mudstone, and minor siliceous
mudstone, red to green and gray; zeolitic; locally
coaly; popcorn texture.

Sandstone, volcaniclastic, reddish-orange, fine- to
medium-grained, thin-bedded; calcareous; zeolitic;
contains rip-up clasts and pebbles; coaly plant
debris locally.

Tuff, bentonitic, gray and reddish-gray, glassy,
porcellanitic, and zeolitic; popcorn texture; ripple
cross lamination; minor mudstone, gray,
porcellanitic.

Mudstone, pale-green to dark-gray, bentonitic; popcorn
texture; poorly exposed in part.

Mudstone and bentonitic mudstone, dark-gray to red and
green; thin-bedded, in part zeolitic popcorn texture
and thin interbeds of tuff, gray to pinkish-gray,
porcellanitic, resistant; locally contains biotite.

Tuff, dark-olive-gray, porcellanitic, blocky; contains

along strike.

(13) Shale and mudstone, olive-gray (5Y4/1); weathers to
light-olive-gray (5Y6/1); limonite stain;
carbonaceous matter; strongly fissile; poorly
exposed.

(11) Shale, medium-dark-gray (N4) to olive-gray (5Y4/1);

1 700 —

750 —

limonite stain; disseminated carbonaceous matter;
moderately fissile; poorly exposed.

HERMOPOLIS
SHALE

(09) Shale, olive-gray (5Y4/1); weathers to light-olive-gray
(5Y6/1); finely disseminated carbonaceous matter
along bedding planes; in part micaceous; limonite
stain; strongly fissile.

(05) Sandstone, yellowish-gray (5Y8/1) to light-gray (N7);
weathers to brownish-gray (5Y4/1); fine- to very fine
grained; rounded to subrounded grains; quartzose;
limonitic along fractures and bedding planes;
burrowed and bioturbated; thin-bedded; well-developed
slickensides; laterally continuous unit.

(01) Limestone, medium-light-gray (N6); coarsely crystalline
bioclastic limestone; abundant gastropod and
bivalve(?) fragments; ostrocods(?); thin, flaggy
beds; laterally persistent unit; highly fractured.
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CORRELATION CHART OF LOWER CRETACEOUS ROCKS, MADISON RANGE TO LIMA PEAKS AREA, SOUTHWESTERN MONTANA

By
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1989

1 800-—7

850 —

+ 800 —

950 —

| I S R | —;-‘—E
— 250 ==
[ A D I |
R m—
=]
T ———
E:—ﬂ

green chloritized bubble-like structures, probably
lithophysae; forms ledge.

Sandstone, pale-yellowish-green, fine- to medium-
grained, cherty, feldspathic, variably calcareous;
thin-bedded; varies from horizontally laminated and
ripple laminated to trough crossbedded; chert
pebbles, mudstone rip-up clasts, and wood fragments
locally present at base of beds; forms prominent
ledge.

Shale, dark-gray to olive-gray, fissile, locally
silty; lower part has interbeds of siltstone and
very fine grained sandstone, dark-gray, micaceous,
in layers a few millimeters thick.

Sandstone and shale, interbedded. Sandstone, pale-
brown, rusty-brown-weathering, fine-grained, thin-
bedded, noncalcareous, quartz-rich, finely
micaceous; horizontal burrows present on some
beds. Shale, silty, light-gray, fissile. Unit is
poorly exposed.

Sandstone, light-gray to white, locally weathers rusty-
brown, quartz-rich, minor chert, noncalcareous, well
sorted, fine-grained, thin- to medium-bedded; upper
part contains oscillatory ripple marks; lower part
locally contains coalified plant remains; sandstone
beds are lenticular over several tens of meters.
Between beds are 0.5- to l-cm-thick layers of shale,
mudstone and fine-grained sandstone that display
horizontal burrows.

Limestone, light-gray to medium-gray, coarsely
crystalline, medium-bedded, gastropod-rich coquina;
in uppermost part micritic limestone and dolomite,
pale-gray-brown, medium-bedded, a few gastropods.
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